@ US LHC ACCELERATOR PROJECT
o brookhaven - fermilab - berkeley

L QX Engineering Design Review

| ntroduction
Jim Kerby

12 March 2001

N Scope
N Reguirements
N Interfaces

12 Mar 01 Cryostat EDR J. Kerby




US LHC ACCELERATOR PROJECT
brookhaven - fermilab - berkeley

Scope
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“ Q3” “ an “ Qlu
KEK supplied CERN supplied FNAL supplied

eInterconnect kits (1K) and beam tube linersinstalled at CERN
*| P 2/8 interconnect kits do not have TAS components
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Requirements

Derived from Inner Triplet and Main Component Interfaces
o Optics/ Layout
o Alignment
 Heat Load/ Cryogenic
* Radiation
o Electrical
Mechanica
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Optics/ Layout

Interaction Regions 1, 5

The Optl CS / I ayOUt I S Component Nominal Strength  MagneticLength | IPto Mag. Center
. MQXA (Q1) 199 T/m 6.3m 26.15m
based on v6.2 optics Twesz  Tales2 | zgem
MQXB (Q2a) 199 T/m 55m 3455m
.recent d| g:uss ons on MCBX Table 4-2 Table 4-2 37.80m
. MQXB (Q2B) 199 T/m 55m 41.05m
movi ng Q2 further from MQSXA Table 4-2 Table 4-2 46.91m
the | P and rel Ocati ng a non-linear correctors 46.67m
. MQXA (Q3) 199 T/m 6.3m 50.45m
BPM are not reflected in MCBXA Table 4-2 Table 4-2 54.10m
these presentatl ons non-linear correctors 54.30m

Interaction Regions 2, 8

. Component Nominal Strength  Magnetic Length IPto Mag. Center
«the impact can be MQXA (Q1) 214 T/m 63m 26.15m
dl SCUSS@d Iater thlS MCBX Table 4-2 Table 4-2 29.86m
MQXB (Q2a) 214 T/m 55m 34.55m
afternoon MCBX Table 4-2 Table 4-2 37.80m
MQXB (Q2B) 214 T/m 55m 41.05m
MQSXA Table 4-2 Table 4-2 46.91m
non-linear correctors 46.67m
MQXA (Q3) 214 T/m 6.3m 50.45m
MCBXA Table 4-2 Table 4-2 54.10m
non-linear correctors 54.30m
MBX (D1) 355T 95m 63.11m

Note [a]: Preliminary longitudinal location of non-linear layers.
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Alignment

AP Mechanical Measurement and

I nnaf Trl pl a Al i gnmmt Tabl e Reauirements Tolerances Survev Accuracv

1a) Single MQX cold mass

. I Straightness H and V ot ”""“”E as 100 M/meter Mechanical meas. Not
long as <>=0.

] limiting
Twist Needs further [, 45 meter
study
1b) Single multilayer corrector field Moved to 2b

«Q2a/Q2b assembly mechanical tests magnets in composte Q2 iy S
Compl ete(j I ast year Q2a/Q2b transverse alignment 500 M 100 MM

Q2a/Q2b relative roll 1 mrad (rms) 100 Nrad (rms)
Q2a/Q2b relative pitch and yaw 100 Mrad Mechanical tests 130 Ntad
scheduled starting
. 2b) Relative alignment of in 2000

[ ] Use Of the StretCheCI W| re corrector in a composite Q2 and

Q3 Should be able to do with
h t
measurerr]ent Q/S[em makeS CryOStaI Corrector displacment 500 M mech measurements
. . Corrector roll 5 mrad

mechanical tolerancesinternal, and no _

3) Placement of composite
1 coldmass into cryostat and Only includes errors relating
build up of tolerances occurs aing magnetc o 1 e Only ncludes erore et
- . . . iducia fiducials

b POS| tl Onl ng Of the | UgS IS dl I'eCtl y Q1 Displacement transverse 300 mm 180 mm
Displacement longitudinal ~1lmm o

rel aIEd to al I Owabl e bel I Oows Offset Roll angle 200 Nad (rms) zv(;:?égt!mgslf 100 Mad (rms)
Pitch/Yaw adjustments made 130 nrad
Q2 Displacement transverse 300 " to cryostat jacks, if 180 Mm
Displacement longitudinal ~1mm fiducials are stable.

Mechanical tests

Roll angle 100 nrad (rms) heduled for 2001 100 Mrad (rms)
Pitch/Yaw 130 nrad
Q3 Displacement transverse 300 "m 180 "m
Displacement longitudinal ~1lmm
Roll angle 100 Nrad (rms) 100 nrad (rms)
Pitch/Yaw 130 nrad
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Cryogenics

The dynamic heat load of the inner triplet
IS much higher than in the arcs

LHC IR triplet dynamic heat load (TP5) va. z-position
*6 W/mto 1.9K (avg) =S 0 o]
«Cryostat static heat load aless o
critical parameter

*Heat Exchanger system designed
and tested to effectively cool for

B.HI

mic heat Joad W m)

e
IF andd . ™ 1L nem-1F end
these |oads 0 1l — 5o | et T
s 1y, ,,_.:""'" . i A RN <
Installed Capacity Required (W) E 4,00 2, T = . T L
70K 4.5K-20K 1.9K = O - e el 1T
IP1 Nominal Heat Load 785 170 185 s | B MR [ Lt ."?:;.f{.-‘-:. £
IP1 Ultimate Heat Load 785 205 420 . il I
IP1 Installed Capacity 1180 300 425 i 5] [ =
] : R . .
IP2 Nominal Heat Load 845 130 60 2m 2500 3000 30 000 45.00 500 5500 &0
|P2 Ultimate Heat Load 845 140 95 FeprSition L )
1P2 Installed Capacity 1265 240 105
IP5 Nominal Heat Load 785 170 185
IP5 Ultimate Heat Load 785 205 420 Ql Q2a Q2b Q3
IP5 Installed Capacity 1180 300 425 (51W) (27W) (SOW) (43W)
IP8 Nominal Heat Load 845 130 60
IP8 Ultimate Heat Load 845 140 95
1P8 Installed Capacity 1265 240 105
12 Mar 01 Cryostat EDR J. Kerby




@ US LHC ACCELERATOR PROJECT

*, brookhaven - fermilab - berkeley
Cryogenics
Cryostat includes al piping for al cryogenic loops
*All Cryostat < 300K, 1 bar retum
assemblies include the DFBX gy Thermal <hield Inner triplet cryostats
piping required for < j 'i"'"""T."""T"""": ________ S
1 1 | N r-|| ] ] 1 | I 2
I(.Jcail :)n |ar11 any of the Sl /i Qf [0 O
eight locations | —
-4g5K loops | eft open in Bl [ @ ] msl 1o o | ngl o
AN e e I ]
| |
| |
eLiquid feed line added | .
in uphill installations |
through heaI eXChanger Two jumper connections, < I (|)_—J.. |:—<>———=
«Feed and return lines reteeieoum i F'Y D ! | X _‘E__fl} | e
included and connected ~ Transfer line S X -1 b *V"
g di X C 46K 3ba y N [ ! NS T
epending on exac D K ste” |, ¥ N
location in tunnel 2 dKlontm g % Module
E 75K, 185 s
*All loops routed to T Bl
DFBX -
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Radiation

Deposition studies also give radiation

environment

*MQXB and MQXA cold
masses are limited to 6-7
years at nominal luminosity

in LHC inner triplets

*The peak calculated load to
the cryostat components is

13.5kGy / year
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Electrical

Quads provide route for all bus and wire internal to the helium vessdl
BPM leads, passive heater instrumentation routed out locally through vacuum vessel

8 5
8 5
8
B
H3 (2 [H1A2 I: 33 5 s vy 8
L 8 |5 vl [valhs > V22 (VI Vifi | |8
VSY2_JVL B4 R B6 e s | 5 V22 i i 8 e jVIFL | | 8 —
BN |V V21 (viHL |2 B [[As v -
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: ion B- Section C-C Section D-D ection k-
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re
: | —
! 2+ A2-
i
Lg | mna . .
M — Q2b i x Q2a Ql
s = 3 :
ExY ver = 3
C 1 E V2
' \"4 I\
58|5§\ ] lSKAr 13 KA
5 KA a stand | 5KA | 5KA
8KA =/ | 8KA : 8 KA
I
A - " L) | L
A ) ) :
Fixed point Fixed point ~ E F
for Busses for Busses

Inner Triplet Buss and Expansion Loop Layout
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Electrical
All buss and wire in the magnets are routed back to the DFBX

Main and Corrector Wire or Bus Number in: Number in: Number in:
Q1-Q2 Q3- DFBX
bUSS rOUted thl’OUgh Interconnect 0Q2-Q3 Interconnect Interconnect

lower slots in magnet
MQX Bus 2-3 3-4 4

Corrector Bus 4 8 24
ExpanSI on Ioops go MQX Voltage Taps 6 18 24
Corrector Voltage Taps 2 4 12
around correctors Quench Heater Leads 4 12 16
Warm up Heater Leads 4 12 16
. . Thermometer Leads 8 24 32

| nstrumentation wires
through Slde SIOtS Total Instrumentation Wires 24 70 100
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M echanica

Mechanical interfaces within the LQX are well understood

Mechanical drawings of Fermilab, KEK, and CERN magnets are
circulated and discussed thoroughly. All production drawings are OK.

Discussions on the lengths and locations of leads have recently
converged

Means to transfer the magnetic alignment information for each magnet
are defined and reflected in the drawings

Cryostat interface to supports is known
Alignment transfer gallery interface has been defined

Interconnect Kits are impacted by the current discussions on BPM location,

TAS design, and active/passive beam tube liners and therefore are not as
yet converged.
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MQXA...
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MQXB...
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M echanica

MCBX...
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M echanica

MQSXA...
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